Background: Some, but not all, studies using registry data have suggested a small but significant long-term survival advantage following a curative surgical resection of gastric cancer at hospitals where the volume of such surgeries is high. However, because such data may be significantly influenced by the impact of postoperative mortality, and may be imbalanced for factors important to survival, the true nature of this relationship remains uncertain. Methods: We conducted a nested volume-outcome study in a sample of 448 surgical survivors with stage IB through IV (M0) gastric and gastroesophageal junction adenocarcinoma, previously randomized to adjuvant chemoradiation after surgery or surgery alone, to measure the effect of hospital surgical volume, as assessed by Medicare claims data, on overall survival and gastric cancer recurrence. Results: In this selected sample of postoperative survivors, hospital surgical volume was not predictive of overall survival (P ϭ 0.46) or disease-free survival (P ϭ 0.43) at a median follow-up of 8.9 years. However, patients who underwent either a D1 or D2 dissection at a high-or moderate-volume center experienced an adjusted hazard ratio of 0.80 (95% CI, 0.53-1.20) for overall survival and 0.78 (95% CI, 0.53-1.14) for disease-free survival compared with those patients resected at a low-volume hospital; these results were not statistically significant. When a D0 resection was performed, hospital procedure volume showed no impact on survival. Conclusions: Excluding the impact of perioperative mortality by utilizing prospectively recorded data from a large postoperative adjuvant trial, hospital procedure volume had no overall effect on long-term gastric cancer survival. The potential benefit of moderateto high-volume centers for patients who underwent a D1 or D2 dissection requires confirmation in larger studies.
S urgery remains the primary curative treatment of gastric adenocarcinoma. 1 There is a growing consensus in the surgical literature that enhanced surgical technique and expertise can improve outcomes for patients with curatively resected gastrointestinal cancer. Hospital procedure volume appears to be a reasonable proxy for the level of experience within a given medical center. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Individual surgeon volume, of course, reflects a preferred measure, but such data are difficult to obtain. Hospital procedure volume has been shown to predict clinical outcome for both complex medical procedures and complex surgical procedures. 13,16 -20 Specifically, previous studies using registry databases have demonstrated that hospital procedure volume is predictive of clinical outcomes in patients undergoing complex operations such as pancreatectomy and esophagectomy, but also in more routine operations such as colectomy and lumpectomy. 3, 13, 14, [21] [22] [23] Previous volume-outcome studies of patients with resectable gastric cancer have relied primarily on cancer registry databases 24 -29 or on administrative claims-based sources. 5, 30, 31 Higher hospital surgical volume for gastric cancer has been associated with decreased short-term 27, 28, 31 and long-term mortality 24, 26, 27, 29 in some, but not in all 5, 25, 28, 30 publications. Many of these analyses are retrospective reviews, 5, 24, 27, 28, 30, 31 have limited patient information, 5, 24, 27, 28, 30, 31 lack details on the recurrence of gastric cancer, 5, 24, 25, 27, 28, 30, 31 and none has uniform follow-up or detailed data on adjuvant treatment.
We therefore used data from a large randomized trial of patients with stage Ib through IV (M0) gastric cancer to examine the influence of hospital procedure volume on long-term outcome. Patients were identified for this trial 20 to 41 days after gastric cancer surgery, and surgery was performed prior to study enrollment at a variety of hospitals that had a wide range of surgical volume. Given the nature of enrollment, cases resulting in perioperative mortality were excluded. Since postoperative adjuvant therapy and follow-up were explicitly defined in this trial, and the impact of perioperative mortality was eliminated, we were able to assess the influence of hospital surgical volume on long-term survival and recurrence after accounting for potential confounding variables.
METHODS

Study Population
Patients for this analysis were drawn from the National Cancer Institute-sponsored Intergroup 0116 trial of adjuvant chemoradiotherapy for American Joint Committee on Cancer 1988 stage Ib through IV (M0) stomach and gastroesophageal junction cancer, conducted between August 1991 and July 1998 ( Fig. 1 ). 32 The study, coordinated by the Southwest Oncology Group (SWOG), had a nationwide enrollment of 556 patients, with participation by institutions affiliated with one of the following cooperative groups: SWOG, Cancer and Leukemia Group B (CALGB), Radiation Therapy Oncology Group (RTOG), North Central Cancer Treatment Group (NCCTG), and Eastern Cooperative Oncology Group (ECOG). As previously described, 47 patients were deemed ineligible for this trial and were excluded from the analysis. 32 Eligible patients had histologically confirmed adenocarcinoma of the stomach or gastroesophageal junction that had been resected en bloc with curative intent without evidence of residual gross or microscopic disease. 32 Patients were eligible if there was evidence of extension of tumor beyond the muscularis propria or lymph node involvement (Ib-IV) and no evidence of metastatic disease.
All patients were required to give informed written consent and were registered between 20 and 41 days after surgery, with treatment beginning within 7 working days of registration. 32 Patients must have had a SWOG performance status of 2 or less (ambulatory for at least 50% of the day or better). Patients were also required to have adequate bone marrow, renal, and hepatic function. In addition, patients had to have evidence of at least unilateral renal function and had to demonstrate a caloric intake of 1,500 kcal per day by oral or enterostomal alimentation. Patients with a prior malignancy within the past 5 years were excluded (except for adequately treated squamous or basal cell carcinoma of the skin or in situ carcinoma that had been fully resected). Patients who had received any previous chemotherapy, immunotherapy, or radiotherapy were also not eligible for entry into this trial.
For the present analysis, study staff, who were blinded to patient outcome, reviewed the operative reports of all eligible patients to identify the hospital where the prestudy primary stomach cancer surgery was performed. Since hospital procedure volume rankings were derived from U.S. Medicare claims, we excluded patients who underwent surgery at Veterans Administration, U.S. military, or Canadian hospitals (n ϭ 110). Thus, after these exclusions, of 556 patients randomized in the original study, 448 patients were eligible for the current analysis.
Medicare Hospital Procedure Volume
Using the U.S. Medicare claims database, hospitals were ranked by volume according to the number of primary gastric cancer surgeries performed on all Medicare-enrolled patients between 1991 and 1998, the enrollment period inclusive of the clinical trial. 14 Primary gastric cancer operations were defined using an International Classification of Disease (ICD) code of 150.x (esophageal cancer) or 151.x (gastric cancer) and either an ICD procedure code of 424.x, 425.x, 426.x (esophageal operations), 435, 436, 437, 438.x, or 439.x (gastric operations) for a particular hospitalization. Our results did not change when we used hospital volume rankings according to 1) patients with diagnosis of either esophageal or gastric cancer who underwent either an esophageal or gastric resection, 2) patients with diagnosis of esophageal or gastric cancer who underwent a gastric cancer resection, or 3) patients with a diagnosis of gastric cancer who underwent either an esophageal or gastric resection, as the 3 rankings were highly correlated (r Ͼ 0.90).
Validation of Medicare Procedure Volume
In previous studies, Medicare case volume was highly correlated with total hospital procedure volume. 3 To validate our Medicare procedure volume rankings for gastric cancer surgery, we used the Nationwide Inpatient Sample (NIS) database from 1988 to 1992. The NIS database consists of a random sample of 750 to 900 hospitals per year from 11 states, approximating a 20% sample of U.S. community hospitals. Using the NIS database, we identified the total number of gastric cancer operations performed using the same ICD diagnostic and procedural codes, as described above, and created a parallel annual volume ranking for all hospitals that were represented in our cohort. Among hospitals that were jointly represented in our cohort study and the NIS database (667 hospitals), the Spearman rank correlation for annual gastric cancer surgery volume as measured by the Medicare claims database and the NIS database was 0.92 (P Ͻ 0.0001). This high correlation supports the use of procedure volume for gastric cancer surgery as calculated from the Medicare claims database as a valid measure of relative overall hospital procedure volume.
Follow-up
After completion of their therapy, patients were followed every 3 months from time of study entry for 2 years, then every 6 months for 3 years, and then annually thereafter. Data for treatment outcomes and therapeutic efficacy from INT-0116 were published in 2001. 32 For the present analysis, patient data have been updated, with the median follow-up time for patients included in this report of 8.9 years.
Statistical Analysis
Surgical volume had a highly skewed distribution ( Fig.  2 ), ranging from 0 to 205 gastrectomies per year. These were split into tertiles for analysis: low, (0 -5), medium (6 -13) , and high (14ϩ). Because of the large number of ties, the actual number of hospitals falling into each of the above categories is not equal ( Table 1) .
The distribution of baseline characteristics across hospital procedure volume tertiles was evaluated using 2 tests in 
Annals of Surgery • Volume 245, Number 3, March 2007
Hospital Volume and Gastric Cancer the case of categorical variables and Wilcoxon rank sum tests in the case of continuous variables. Overall and disease-free survivals were plotted using the methods of Kaplan and Meier. 33 These graphs are presented for descriptive purposes and do not include adjustments for treatment effects. Data were analyzed using Cox proportional hazards regression, 34 with a priori inclusion in the model of treatment arm, and the stratification factors used in the original randomization: Tstage (T1 and T2 vs. T3 vs. T4), and involved lymph node status (none vs. 1-3 vs. 4ϩ). This technique allows the assessment of the influence of hospital volume on outcome while adjusting for these factors, and also allows examination of the effects of potential confounders such as age, gender, race, location of primary, type of lymphadenectomy, and performance status. A robust sandwich estimator was used to adjust parameter standard errors for the clustering of cases within hospitals following the method of Lin and Wei. 35 We used SAS 9.0 (SAS Institute, Cary, NC) for all statistical analyses. All P values are two-sided.
RESULTS
Baseline Characteristics by Hospital Tertiles
Among the 448 patients (age range, 25-87 years) included in our analysis, primary gastric cancer surgery was performed at 306 U.S. hospitals. Among these 306 hospitals, the mean and median number of annual gastric cancer surgeries were 14.0 and 9.0, respectively (range, 0 -205; see Fig. 2 for distribution plot). The baseline characteristics of the cohort according to tertiles of hospital procedure volume are displayed in Table 1 . Overall, the baseline characteristics did not differ substantially according to hospital procedure volume. There was a slight imbalance in race, location of primary tumor, and pattern of lymphadenectomy; patients who underwent surgical resection at high-volume hospitals were more likely to be white (P ϭ 0.05), have their primary tumors in the corpus of the stomach (P ϭ 0.03), and were less likely to have undergone a D0 lymph node dissection (P ϭ 0.05).
Survival and Cancer Recurrence by Hospital Procedure Volume
At the time of this analysis, median follow-up for the trial was 8.9 years, with a maximum of 13.2 years. For the entire cohort, overall survival and disease-free survival did not differ significantly by hospital procedure volume (Figs. 3, 4) . Although 5-year survival was somewhat greater for patients resected at a high-volume center when compared with those resected at a low-volume center (36.7% vs. 30.8%, respectively), this difference was not statistically significant ( Table 2 ). Using Cox proportional models, we further examined the influence of hospital procedure volume on the risk of overall mortality and cancer recurrence, after adjusting for treatment, T stage, and N stage ( Table 3 ). Compared with patients treated at a low-volume center, those resected at a high-volume center had an adjusted hazard ratio for mortality of 0.88 (95% confidence interval ͓CI͔, 0.67-1.17), with similar values for the comparison of the middle-volume centers. When analyzed separately by treatment group, the corresponding hazard ratios between low-and high-volume centers were 1.03 (CI, 0.72-1.48) for the observation arm and 0.80 (CI, 0.48 -1.32) for the combined modality arm. None of these differences was statistically significant. Similarly, we failed to observe a significant improvement in disease-free survival, after adjusting for these factors. Similar results were achieved if the models were expanded to include other covariates of interest, such as age, race, primary location, surgical procedure, histology, grade, and performance status. In particular, we investigated the effect of age at various cutpoints, to assess whether surgical volume influenced outcome in a very elderly subset (eg, Ͼ65, or Ͼ70, or Ͼ75). Similar results were obtained in this analysis as well.
We considered the possibility that differences in cancer recurrence may only be apparent at the extreme levels of hospital procedure volume. However, when we repeated our analysis after categorizing hospital volume according to quartiles or quintiles, the results were unchanged.
Influence of Lymphadenectomy
We explored the possibility that the influence of hospital volume on patient outcome may be modified by the extent of lymph node dissection at the time of cancer resection. Since few patients (10%) in the study underwent a D2 resection, we were unable to perform a meaningful volumeoutcome analysis on only the D2 subset. We therefore stratified patients according to whether they underwent a D0 dissection (54% of patients) or a D1 or D2 dissection (46% of patients). Among patients who underwent a D0 dissection, resection at a high-volume center did not confer any significant improvement in overall or disease-free survival (Tables 4, 5; Fig. 5 ). However, among patients who underwent either a D1 or D2 dissection, patients treated at moderate or highvolume facilities experienced a trend toward improved overall survival (Tables 4, 5; Fig. 6 ). Compared with patients treated at a low-volume center, those resected at a moderate- 36 was a significant predictor of patient outcome in the Intergroup 0116 trial. 37 We therefore also assessed the relationship of this variable to surgical volume with respect to overall survival and disease-free survival. We were unable to detect any changes in our assessment of surgical volume and outcome with the inclusion of MI in the analysis.
DISCUSSION
In this large, postoperative adjuvant chemoradiation trial of operative survivors with stage Ib through IV (M0) stomach and gastroesophageal junction cancer, overall survival and disease-free survival following curative surgery did not differ significantly between low-and high-volume facilities. In exploratory analysis, for patients undergoing a D1 or D2 resection, we did observe a nonsignificant trend toward better outcome with higher volume. Hospital procedure volume had no influence on outcome among patients who underwent a D0 dissection.
Few studies have examined the relationship between hospital procedure volume and survival after a curative resection of gastric cancer. These reports are limited by the use of cancer registry databases 24 -29 or administrative claimsbased sources, 5, 30, 31 which often lack data on recurrences, adjuvant therapy, and important prognostic factors. Moreover, in most such studies, 30-day hospital postoperative mortality may obscure any differences in long-term survival associated with cancer recurrence.
The relationship between perioperative mortality and volume merits comment. Some, 27, 28, 31 but not all, 28, 30 analyses have suggested an association between hospital volume and perioperative mortality after resection of gastric cancer. Among patients treated at (relatively uniform) Veterans Administration hospitals, in-hospital mortality was 6.9% at highvolume hospitals, 7.4% at medium-volume hospitals, and 8.7% at low-volume hospitals. 30 However, these differences in short-term mortality failed to reach statistical significance when the authors adjusted for other patient and disease characteristics. Similarly, in a Swedish population-based study, Hansson et al found that 2-month postoperative mortality, adjusted for age, calendar time, and gender, was superior for patients with gastric cancer at "university" (highvolume) centers as compared with "local" (low-volume) hospitals. 27 By contrast, in the Rotterdam Cancer Registry, perioperative mortality did not differ significantly according to hospital volume. 28 The authors speculated that their results disagreed with the other reports because of the predominance of low-volume hospitals in their cohort.
Other studies have attempted to evaluate the association between hospital volume and long-term survival after gastrectomy. Most, 24, 26, 27, 29 but not all, 25 of these analyses have suggested a relationship between hospital volume and long-term survival. A cancer registry study from Germany reported improved 5-year survival for patients undergoing radical gastrectomies at high-volume centers (Ͼ20 surgeries per year) compared with patients undergoing similar procedures at hospitals performing only 1 to 4 surgeries per year (10.6% vs. 3.4%). 24 Similarly, Nomura et al examined the influence of hospital volume on long-term survival after curative resection of gastric cancer as reported to the Osaka Cancer Registry. 27, 29 They noted that during the period of 1975 to 1979, the hazard ratio for overall long-term survival was 1.0, 1.7, 1.8, and 2.5 for high-, medium-, low-, and very-low-volume hospitals, respectively. This advantage, however, decreased with time and disappeared completely during the period of 1990 to 1994 except for the very-low-volume hospitals, which still lagged behind with an adjusted hazard ratio of 1.7 (95% CI, 1.4 -1.9). The authors suggested that this diminishing disparity between high-and low-volume hospitals over time might reflect surgical standardization and the gradual adoption of improved surgical techniques by the smaller institutions. Although we failed to find an overall difference in survival between high-and low-volume hospitals in our analysis, we did observe a trend for improved outcome at moderate or high-volume centers when either a D1 or D2 dissection was performed. The test for statistical interaction between extent of lymphadenectomy and hospital volume did not reach statistical significance; however, it should be noted that we had a limited power to test for such an interaction in the relatively small patient population. Further, relatively few cases in our study had "low Maruyama Index surgery," 37 and our ability to study the relationship between this surgical variable and volume was limited. The extent of lymph node dissection for gastric cancer continues to be debated in the surgical literature. Although 4 randomized trials failed to demonstrate a survival benefit when Japanese-defined D2 or D2-plus lymphadenectomy was performed, 38 -41 other inves- tigators suggest that the more extended resection does improve outcome when the procedure is conducted at experienced centers. 36 Additionally, data from 2 separate trials have shown value for a "low Maruyama Index" lymphadenectomy. 37, 42 Conceivably, the benefits associated with a moderate-or high-volume surgical center may be most apparent when a more extended lymphadenectomy is attempted. In contrast, when a D0 procedure is chosen, the influence of hospital volume is minimized. Nonetheless, this subgroup analysis must be viewed cautiously.
Using clinical trial data to examine the influence of hospital procedure volume offers several advantages over the use of other data sources. First, the stage of disease is comparable within the constraints of the protocol entry criteria. Second, detailed information on adjuvant therapy and prognostic variables, such as location of primary tumor, the number of positive lymph nodes, and performance status, is routinely collected. Most importantly, the date and nature of cancer recurrence are prospectively recorded.
A limitation of our analysis is an inability to study the influence of individual surgeon volume on gastric cancer outcome. Intergroup Trial 0116 demonstrated that the use of postoperative fluorouracil-based chemotherapy and external beam radiotherapy significantly improved overall survival when compared with no postoperative therapy. 32 As such, the administration of postoperative chemoradiotherapy to half of the patients in our study may have obscured the influence of hospital surgical volume on long-term patient outcome. However, we failed to find any differences between high-and low-volume hospitals among patients who were randomized to no postoperative therapy. Moreover, although our analysis offers several advantages compared with other data sources, our study was limited by the size of our patient sample. Thus, for instance, our analysis is not sufficiently powered to validate a potential difference in 5-year survival of 6% (Table  2 ; Fig. 3 ), which may (or may not) be present between patients treated at high-and low-volume centers. One may debate if such a potential difference in outcome would be substantial enough to channel all patients with localized gastric cancer to high-volume institutions.
Although there is no statistically significant difference in the Kaplan-Meier plots between the high-and low-volume surgery curves for overall survival (Fig. 3) or disease-free survival (Fig. 4 ) in our study, it is interesting to note that there appear to be larger differences in survival by volume during the first 3 years than during subsequent years of follow-up, in which the curves gradually converge. One possible explanation for this may be that volume-related differences in surgical quality may delay the time to recurrence but are ultimately trumped by the aggressive pathophysiology of gastric cancer. This potential phenomenon should be investigated further in future surgical studies of this disease.
As patients were identified for this clinical trial 20 to 41 days after primary surgical resection, perioperative (shortterm) morbidity and mortality were not addressed in this study. However, we specifically sought to focus on the influence of hospital surgical volume on long-term gastric cancer outcomes. By utilizing data from a prospective clinical trial, our analysis may have eliminated variability in other potential explanatory variables, such as use of adjuvant therapy and other follow-up care. However, we were in the unique position of isolating the impact of hospital surgical volume from these other factors.
Since patients enrolled into a randomized clinical trial may not be representative of the broader population of gastric cancer patients nationwide, the generalizability of our findings could be questioned. However, gastric cancer surgery was performed prior to enrollment into this trial, and we did observe considerable variation in hospital procedure volume within our cohort. In addition, since the study population included patients in both community and academic medical centers, we think that the surgical treatment is reflective of the general U.S. population.
Our observation of a nonsignificant trend that hospital volume may influence patient survival only among patients who underwent D1 or D2 dissection merits further study. In an ongoing National Cancer Institute trial of adjuvant chemoradiation for gastric and gastroesophageal adenocarcinoma (CALGB 89803), the extent of surgical lymphadenectomy is prospectively recorded, and the effect of hospital procedure volume will be examined. As such, this additional trial should provide valuable insight into the interaction between hospital volume and the extent of gastric cancer surgery.
